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Transient Heat Conduction in 3D Fuse
Modeled by Conservative Averaging Method
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Abstract: — Three-dimensional mathematical model of the automotive fuse is considered in this paper.
Initially, partial differential equations of the transient heat conduction are given to describe heat-up process in
the fuse. Original method of conservative averaging is used to analytically approximate these equations with

system of three ordinary differential equations.

Key-Words: — heat conduction, quasi-linear, transient process, three-dimensional, analytical reduction,

conservative averaging.

1 Introduction

Usually, mathematical modeling of the fuse is
implemented by making one dimensional
assumptions [1]-[4]. In this paper, we use original
method of conservative averaging to transform
initial 3D statement of the problem to the statement
of new type that consists of three ordinary
differential equations. Approximate analytical 3D
solution is obtainable from the solution of the
transformed problem. Conservative averaging
method is theoretically well founded for linear
partial differential equations [6]-[9]. Here (as in
[10], [11]) we investigate quasi-linear problem.

2 Mathematical Statement of Original
3D Problem

We start with accurate formulation of the three-
dimensional mathematical model of the transient
heat conduction problem for typical car fuse (Fig.1).
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Fig.1. Example of automotive fuse with
and without plastic shell

We seemingly straighten out the fuse and use
geometry of the model as shown in Fig.2.

Fig.2
Because of the symmetry, it is enough to use only
the shaded part of the model (Fig.3 and Fig.4)

Fig.3

-

Fig.4

Let us treat this domain as two connected sub-

domains (_;0 and (_;1:
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G, ={(x,y,2)|x€[0,/],y €[0,b],z €[0, 4]},

G, ={(x,y,2)|xe[l,1+ L],y [0,b],z [0, H]}.
If temperature in domain G, is denoted as function
U.(x,y,z,t), then differential equation for the heat

transfer is

é(chi) a(kﬁ_Uj 8 k@_U
ot ox\  Ox 6y oy

o (. au,
k=t |+ F(x, p, 2,8, U,
82( ﬁzj (.20,

(x,»,2)eG,, t>0, izm.
Source function F, (heat produced by electrical

current) can be approximated with linear function:

E(xayazat’Uj):Ci(l+a(Ui_®))’ (2)
pre 12 pre 12
where C, zhz‘—;z, = H‘szz .

Parameter p,, is resistivity of the material at some

reference temperature, ¢ is temperature coefficient
at the same reference temperature; / — electrical
current. Heat capacity ¢ and density p depend on
temperature. Parameter k& is heat conductivity
coefficient. ® = O(¢) — temperature of environment.

Besides main equations (1), we add symmetry
conditions:

U _o | _o | o
ax x=0 ay y=0 aZ z=0
U _o WU _o Uy
ax x=l+L ay y=0 aZ z=0

and heat exchange conditions on the outer surfaces

( =h,0(),
" (5)
[k% =h,0(),
Y b
[ sk ] — O,
0z )
U (6)
(k L+h.U j =h 0(1),
0z o
(g aen. o
x=[+0,ze[h,H]

where hy,hz are heat exchange coefficients for the

surfaces in corresponding direction.

We also add conjugation conditions, i.e. continuity
of the temperature and fluxes between both parts of
the fuse:

UO PR S P aéjo aU ®)
X lv=i-0 o =140

yel0,b], ze[0,h].

Finally we add initial conditions:

UOL=0 =U1|t=0 =U" =const . 9)

3 Conservative Averaging Method

3.1 The First Conservative Averaging
Procedure

We introduce the integral average value of the

functions U, (x, y, z,t) in the y-direction:

b
Vi(x,z,t):éIUi(x,y,Z,t)dy. (10)
0

In praxis, firstly, the thickness b is very small in

comparison with the width of the fuse. Secondly,
material of the fuse (metal) has high heat
conductivity coefficient. These features allow us to
use the simplest form of conservative averaging
method — the approximation by the constant.
Procedure of the analytical transformations is given
in papers [6]-[13] in more detail. Shortly, we
integrate main equation (1) over the segment
y €[0,b] and then we use boundary conditions (5)

and linear representation of the source function (2).
Finally, we take into account integral equality (10)
and obtain:

g(cpy) a(ka_V] i(kan
ot Ox Oox Oz Oz (11)

_%(K—®)+C,.(1+a(V,-_®))’

i=0,L

Because of the linearity, the additional boundary
conditions (BC) of the new problem are the same as
in the statement of the original problem (1)-(9):

v o 0, ld =0, i=0,1 (12)
8x =0 a‘x x=[+L az z=0
(ka_V th =h 0(1),

aZ z=h

(13)

(ka_V +h Vj =h.0(),

Oz =K
(—k%+ thlj =h.0(), (14)

ox x=1+0,z€[h,H ]
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We also add conjugation conditions at z €[0, 4] :

514 oV,

4 =10 4 x=140 " =—" ) (15)
OX | g OX |ipo

and initial conditions:

Volo =Vil,.g =U" =const. (16)

3.2 The Second Step of the Conservative
Averaging

As the next step we will make conservative

averaging in the x-direction. In this method we

introduce averaged value function over domain G;.
We define two separate functions for the domain G,
— one for interval z €(0,4) and the other one for
interval z € (h, H) because of different conditions
on the line x =1/:

I
W,(z,t)= %J-Vo(x,z,t)dx, ze€(0,h),
0

I+L

W=7 [Vwznds ze@h, (1)
/

I+L

Wz(z,t)=% j Vi(x,z,t)dx, ze(h,H).
!

In this case, we use exponential approximation in
the following form:

Vo(x,z,8) =Wy (2,0) + py(2,1)

X cosh(%j—sinh(l)}, (18)

Vi(x,z,t) =W,(z,t) + p,(z,1) %
B _]_ 19
X cosh(ﬂTLJ—sinh(l)}, i=1,2 (19

Equalities (18), (19) are chosen in such way that
they fulfill integral equalities (17) (conservation of
the heat energy) and BC (12) at x=0

and x =/+ L. We use conjugation conditions (15)

to find unknown functions p,, p, and afterwards

obtain functions V, V;:

Vy(x,z,t) = VK)(Z,Z)+Bl(VK(Z,t)—VK)(z,t))x

{cosh (fj —sinh (1)}, B=—", 20
[ [+L

Vi(x,z,t)= Wl(z,t)+BL(WO(Z,t)—Wl(z,t))x

_]_ 21
x{cosh[xlTLj—sinh(l)}, z€(0,h) ey

We find function p, and representation of function
V. in interval z € (h,H) from expression (19) by
means of BC (14):

Vi(x,z,t) =W,(z,t) +D(®(t)—W2(z,t))><

_]_ 22
X{COSh(HTLj—SiHh(l)} ze(h,H) (@)

2elLh,
k(e*-1)+2Lh,

On the line z=/h discontinuity for the temperature
field could appear. Such kind of discontinuities was
considered in papers [13], [14].

We integrate differential equations (11) of the first
step of averaging in order to obtain equations for the
second step. We use representations (20), (21), (22)

of functions V,,, V, and integral equalities (17) to

D=

make approximate analytical reduction of 2D system
to 1D system of partial differential equations.

& =2k s S om-m)-

ot oz Oz [ (23)
h
—f(m—®)+co(1+a(m—®)),

0 —— o, oW\ Coo oy

a(f’f’Wl)—a—z(kﬁ*ﬁ% ")
5 (24)
_7"(1/1/1—@))+C1(1+a(W1—®)),

§(55%)=§(k?)—01(%—®)—

t z iz (25)

h,
_?(W2 -0)+C (1+a(W2 —@)),
k sinh(1) D

C =kBsinh(l), D, = T
As we mentioned in the introduction, here we
consider the quasi-linear problem. This problem
differs significantly from the problem considered in
our papers [10], [11] in the point that in the earlier
statement we have made the averaging procedure
over the sub-domain with linear differential
equation. That is why we must explain deeper the
averaging procedure for the left hand side of the
equation (23) (procedure for the equations (24), (25)
can be realized in the same way). In this paper we
use enthalpy form of the heat equation (see, e.g. [5],
chapter 7). This form is substantially more suitable
for the use of the mean value theorem:
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IS p0 7, -

ol - — 17
=5{c(mp<mz£ndz}=

L) p=cl)pl), T =(Ta)
It is possible to choose the mean value more or less
freely. We propose to use the corresponding middle
point,ie. X =1/2, ¥x=1L1/2.

Again, boundary and initial conditions are the same
as in the original problem because of the linearity:

oW, -0, oW, —0, 26)
1974 220 Oz 20
( v Wj = h.0(),
0z .
(27)
(’f T ] =h.0(r),
Oz oy
Wyl o =Wl_, =Wl _, =U"=const. (28)

We also ask for continuity of the averaged
temperature and fluxes on the line z = /. That gives
additional conjugation conditions:

ow, o,

/4
1 z=h+0 >
ox |, Ox

(29)

z=h-0 2

z=h+0

3.3 The Third Step of the Conservative
Averaging

As the last step we will make conservative

averaging procedure in the z-direction. We introduce
three new functions for this purpose:

1 h
uy ()= ! W, (z,1)dz,
1 h
u() = ! W (z,1)dz, (30)

1 H
u,(t)=——|W,(z,t)dz.
()= h! (2.1
We use exponential approximation in the form

W, (2,0) =, (t) + g, (1) {cosh (%j —sinh (1)} :

W,(z,t) =u,(t)+q,(?) {cosh (%) —sinh (l)} , (31)

z—h .
W,(z,t) =u,(t)+q, (t)[cosh (ﬂj - smh(l)} +

. z—h
+q,(t) {smh [H——h) —cosh(1)+ 1}.

By this representation we fulfill the integral
equalities (conservation of the heat energy (30)) and
the symmetry conditions (26) at z =0. In order to

find four unknown parameters in the representation
(31), we have BC (27) and conjugation conditions
(29). This gives:

Wy(z,1) = uy (1) + e, (u, (1) - ®)|:COSh (%) —sinh (1)} ,
W (z,t) =u, +

+[e (1, —u,) +e, (u, ~0O)] _cosh (%) - Sinh(l)} (32)

W,(z,t) =u, +

+ ey (u,—u,)+e,(u, - 0)] cosh(ﬁj—sinh(l)}r
,-0)] sinh[z_};]—cosh(l)Jrl},

where constants e, are:

+[e5 (u, —uy ) +e (u

—ehh, e _e(sinh(1)-1)e,,
" eksinh(l)+ kb ee, e, ’
T _ —¢, (1+¢,(cosh()~1)) R
’ ee, e, ! ee, +e, o ee, e,
inh(1) -1
eéz—exem(sm @ ),e7:k(e2—l)+2hz(H—h),
€€y +—€7

_sinh(1) (H —h)
T2k
¢ =2¢h (H—~h), e, =k(e’~1)+2h (H-h)
After integration of equations (23)-(25), we finally
obtain system of ordinary differential equations:

e, = e, (cosh(l)—1)—¢,, (sinh(1)-1),

%(Eﬁuo)zg(ul—u0)+C0(1+au0)—E0(u0—®), (33)
i(éﬁul)zg(uo—ul)—%(ul—®)+C1(1+a(u1—®))+
+ 2 e (1) e (1 -0) (34)
d .. h,
E(cpul)zcz(uo—G))—?(uz—G))-i— (35)

+C1(1+a(u2—®))—E, (4, —u,)—E, (u, - ®),

Here constants E, E, F, and coefficients ¢, p :

h,
E0=i+h—z(1+e—°}
b h e
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h, (63 + e (e—l)) N ke,

1 H—h (H_h)z’
Ezzhz(e+e4+eé(e—l))+ ke, .
H—h (H—h)

E=c(W,(2,1)), c=c(W,(;.1)), e=C (W (2.0)),

(
p=p(W,(2.0). p=p(W(Z.1). p=P(W(20),
Z=h/2, Z=(H+h)/2.

This system of three ordinary differential equations
must be supplemented with initial conditions:

=U°. (36)

Uy |t:0 =4 |t:0
3.4 Simplified Averaged System of Ordinary
Differential Equations
The main goal of this mathematical model is to
predict time before melting of the material in
the thinnest sub-domain G, because of
inadmissible strong current. According to
expression (2), density of the electrical current
is H* / h* times bigger in this sub-domain. This
reason allows us to propose another model
besides the first one. As the second step of the
averaging, we use the simplest approximation in
the z-direction — approximation by constant.
We introduce averaged values:

h
w,(x,t) = %I Vy(x,z,t)dz,
0
(37)

H
W) = [ (2.0
0

We assume that temperature is constant in
z-direction because it changes only slightly in
comparison with x-direction:
w,(x,1) =V,(x,z,1),
w,(x,t) =V, (x,z,1).
Integration of the differential equations (11)

immediately gives system of two 1D partial
differential equations:

(3%)

0 o, 0w
E(C(WO)P(WO)W()) = a( Ej

_(};_er%j(wo —®)+CO (1+a(w0 —G))),
(39)

0 o(, om)
a(c(wl)p(wl )Wl ) - §£ gj

h

_(h—u—Zj(wl ~0)+C, (1+a(w -0)).

b H

Boundary conditions remain the same:

ow, ow

o=t =0. (40)
X |y OX gy
The second conjugation condition changes

substantially because of convective heat losses over
the surface {x =l,ze[h,h +H]} :

(41)

Wo x=1+0

|2 () -0)|

Oox

vem0 =M

ow,

hk

OX |,y x=1+0
Integration of boundary condition and conjugation
conditions was made to obtain previous equation.

By the way, such type of the second conjugation
condition was used in paper [4]. The initial

conditions remain the same:
_ _ 0
Wol, o =i, =U". (42)

As the last step, we will apply the conservative
averaging method in x-direction. We will use
exponential approximation as the form used earlier:

W, (x,1) = uy (1) + p, (¢) {cosh (zj —sinh (1)} ,
’ (43)

w (x,0) =u,(£) + p, (t){cosh(x_lL_Lj —sinh(l)}

We have introduced the average integral values
again:

1 !
u,(t) = ijo (x,t)dx,
; (44)

I+L

%mzijm@ﬁw.

We obtain parameters p,(¢), p,(t) of the repre-
sentations (43) from the conjugation conditions (41):

p@)= e[uo(t) Y (t)] + D, (1),

po(t):e(gl +g2)(u1 _MO)_gz (”1 _®),
g

1.e.,
8o (“o _”1)_g2 (”1 _®)_
g

pt)=e
Here
g =k?(e2 —1), g =k%(62 —1),

g, =2h, (H_h)’ g=8 18 14

We integrate partial differential equations (39) and
obtain system of ordinary differential equations
finally:
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L (@puy) = (24 2) (- 0-0)]-

h,
—[FWZ—Z](%—@)JFCO (1+a(u,-0)), 45)

0) gz

d == G
E(Cp%)zﬁ[go(uo_”1)_g2(u1_®)]_ 46)
—(%J’EJ( 0)+C (1+a(u,-0))
Here
c=c(wy(x,0), p=p(w(x.1)), x=1/2,
c=c(w(x.0), p=p(wmE.0), ¥=1/2,
k(ez—l)
2g

It remains to add the initial conditions for the
completeness of the full statement of the 0-D

=u|_ =U". (47)

4 Conclusions

We have approximated 3D problem and reduced its
solution to the solution of the time-dependent non-
linear system of two or three ordinary differential
equations. Reduction was realized in two different
ways by different assumptions. Both systems have
similar structure, but different coefficients. The
systems of ordinary differential equations are
solvable with standard techniques. Approximate
analytical 3D solution could be easily obtained from
the solution of the transformed problem afterwards.

Acknowledgements:
Research was supported by European Social Fund
and Council of Sciences of Latvia (grant 05.1525).

References:

[1] Fuses for Automotive Application. Littelfuse
Inc., 800 East Northwest Hwy., Des Plaines,
1160016, U.S.A.

[2] Kern, D.Q, Kraus, A.D., Extended Surface Heat
Transfer. — McGraw-Hill Book Company. 1972.

[3] Manzoor, M., Heat Flow through Extended
Surface Heat Exchangers. Springer-Verlag:
Berlin and New York, 1984.

[4] Wood A.S.,  Tupholme G.E.,  Bhatti M.LLH.,
Heggs P.J., Performance indicators for steady-
state heat transfer through fin assemblies, Trans.
ASME Journal of Heat Transfer, 118, 1996, pp.
310-316.

[5] Ockendon, J., a.0. Applied Partial Differential
Equations. Oxford University Press, 1999.

[6] Buikis A. Aufgabenstellung und Ldsung einer
Klasse von Problemen der mathematischen
Physik mit nichtklassischen Zusatzbedingungen.
Rostock. Math. Kollog., 1984, 25, pp. 53-62. (In
German)

[7] Buikis A., Problems of mathematical physics
with  discontinuous coefficients and their
applications. Riga, 1991, 385 p. (In Russian,
unpublished book)

[8] Vilums R., Estimates of approximation errors
for comservative averaging method. Master
thesis, Riga, 2004, 90 p. (In Latvian)

[9] Buikis A.  Conservative averaging as an
approximate method for solution of some direct
and inverse heat transfer problems. Advanced
Computational Methods in Heat Transfer, IX.
WIT Press, 2006. p. 311-320.

[10] Vilums R., Buikis A. Conservative averaging
method for partial differential equations with
discontinuous coefficients. WSEAS
Transactions on Heat and Mass Transfer. Vol.
1, Issue 4, 2006, p. 383-390.

[11] Buikis A., Liess H.-D., Vilums R. Conservative
Averaging Method for Calculation of Heat
Transfer in Cylindrical Wire with Insulation.
Mathematical  Modelling  and  Analysis.
Abstracts of the 10" International Conference
MMA 2005, 2005, p. 148.

[12] Buikis A., Buike M., Closed two-dimensional
solution for heat transfer in a periodical system
with a fin. Proceedings of the Latvian Academy
of Sciences. Section B, Vol.52, Nr.5, 1998,
pp-218-222.

[13] Buike M., Simulation of steady-state heat
process for the rectangular fin-containing
system, Mathematical Modelling and Analysis,
1999, vol. 4, pp. 33-43.

[14] Malik M.Y., Wood A.S., BuikisA., An
approximate analytical solution to a familiar
conjugate heat transfer problem, International
Journal of Pure and Applied Mathematics,
Vol.10, Nr.1, 2004, pp. 91-107.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


